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1 1 

c : 0. 0 i%JiJ.±. 0. 2 0%JJJ.T. 
s i : 1. 5%J':J.t> 

A 1 : 1. 5%&^T. 

Mn : 0. 5%JaJ>-t> 3. 5%J^Tx 

p : 0. 2%&.T. 

S :0. 0 0 0 5%iy.-t> 0. 0 0 9%J^T. 

N : 0. 0 0 9 %&.T. 

M g : 0 . 0 0 0 6 0.01 %J':j.t. 

o : 0. 0 0 5%UT> 

T i : 0. 0 i%J^±. 0. 2 o%iiir. 

[Mg%] ^ ( [0%] /I 6X0. 8) X2 4 •••(!) 

[S%] ^ ( [Mg%] /24- [0%] /I 6 X0.8 +0.00012)X 3 2 •• - (2) 
[S%] ^0. 0 0 7 5/ [Mn%] • • • (3) 

m^^KoMKi^y^-x^i^z^ ugotugst (Nb. Ti) i^<Dm^mmm<Do 

^<D^^Xi)^0. 0 5Mmii).±. 3. 0/zmiiJ«TO^ait>*^U^:^min*,fct? 5. ox 1 
0^ 1®a±. 1. OX 1 0' liJi^T^-trx ^^^^-^^^^ H--^^Vx>-^J--f b'Sri'^fc 

t/c^jK7&«5 9 oN/mm^ n<o:Kmmtmmzmi^fz-^^^^M^o 
^iitV^r^. Au s iop^^^i^'^ (4) ^mfz-rm^MiXitmfm2i.z%m<Dm 

[S i %] +2. 2 X [A 1 %] ^0. 3 5 • • • (4) 

S*ilX{±»^«2Xi±»*^3 0^i;i3V^T|EtC. C. Sis AU MnT&^-ett-T 
-100 ^-300(C%) +105(Si%) -9 5 (Mn%) +233(A 1 %) ' ; ^ _ 

M« (ds) tm^ (d 1) (l^^^iU'^-i v^^JJf 
. ^ ^ *>*^2 -^^-^^^®25^tHri° f ?f 

S*%t4ii. Ca. Zr, R EM<^> 1 ttt 2 0 • 0 0 0 5%J^X±. 0 

0 l%JJ)lT^^i--5W*^l*^'^»*^6tc|a«<^^M^^^-J;^>+^^J ^ 
Lfc^K75«5 9 0 N/mm2 0o;^i£imi:]S^t::'gttf^?|;^S^^;Ko 
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c u : 0 . 0 4 %m±. 0 . 4 %J^J.T. 

N i : 0 . 0 2 0 . 3 %mT> 

Mo : 0. 0 2%J^Jb^ 0, 5%mT> 
V : 0. 0 2%&.±. 0. l%)iXT. 
C r : 0 . 0 2 %&.±. 1 . 0 %Jil.T. 
B 1 0.0 0 0 3 %J^±. 0 . 0010 %&rF. 

(Dimttmz m^J>± ^ -t^-t ^ 1 ^ 7 tciB^<^>^a^^^ 7 a. 7 -1- h + 3 

Lfc3iJS5&^5 9 0 N/mm^ ®<^);^:t^:^m ^^Etit^-ffitL/c^^^jic 

176- 8 lcfBL^^t> )E®*^Tia««: A r 3 t l-^SJE^tr L 

. 2 0"C/s e cJy.±<^?^*PM-r'?^*PL. 3 0 0 t:*?ST'M^^ ^ t =Sr#mfc 

11**:^ 1 0 1 

fct^. 2 0 "C/ s e c J^Jl±<7)?^ipiijgT' 650t:~750t:^ T'}%4{] L. MiaST' 1 5 
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[0 0 0 1] 
[0 0 0 2] 

. MJimmmm^t VX^ty^^^ V • ^JX^T^^^ hm^;5-<b^^Du a l P h a s 
e^^T&s^^^KTV^^o Dual P h a s eii^fi. #c®^7a^9-r h^i t^ES^'^^V' 

- 1 8 0 4 2 6-i-<2r#-e{i^^-^-f Yi±^t Lfzmnizx :r:mf^<Dmi^tzm'mmu 

[0 0 0 3] 

i^mmtn'^^m^-t^mnt lt#^¥6-2 9391 o-^<2r«. #132 0 0 2- 

1 8 0 1 8 8-f-<Zi-^. mWi 2002-180189 ^<&^> 2001-180190 
[0 0 0 4] 

* *f|HJ# fb (i#PB 2001-342543 ^<Zr#^ #19 2002-20838-^ 
<ckm.\ZX. WXf<D^it^Wi^r^ 'r:mj'&.(D^±.<D^WLt\^XtS^^'K<D^^yi7(D^m 

i}^m.mxi):h^t-^^\^L. (T i . Nb) 'i:^<D'^mit\,z^v)inm^:K<ommzmm~ 

±$-*^'&^t=£:^fiiLfCo -^LT. (T i , Nb) NOMB-fkO^S^: LTM 

[#ti^t:M 1 ] #ia¥4 - 8 8 1 2 5-^<2r# 

[#^:fcm2 ] #^1¥3 - 1 8 0 4 2 6^<Zr^ 

[#^:fcm3] #^¥6-2 9 3 9 1 0-^5rm 

[#ii^5:il^4 ] #IB 2002-180188 -^<Zr^ 

[#^:fi:m 5] #11 2002-180189 -^^z^m 

[#fF:S:m6l #P 2002-18019 0^<2r^ 
[#!^3i:M 7] #P9 2001-342543 -f-^^ 
[#i^^:Jcm8 ] #11 2 0 0 2 - 2 0 8 3 8 -^^^ 
[^^'OPi^l 

[ISI^**iF^LJ: d t-r^K®] 
[0 0 0 5] 

[0 0 0 6] 
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^mtLxoi^mL. i&.f^'cmiii'r^iy<^ii (xi. Nb) Ntom^^mizx^ (t i 

. Nb) NO^S<7)^$iH^ffi75?^t), T i Nm^'fbt;J:^;?t*!2:fftt«7)[n]_htz^#i-^:i t 

^#^7t:«!>lif±0> MgiiMntS <^^^iP^^* 9 > ^Sr ^ A:i^^ <^ 1 7&^''^i^^-e$) 
. Mg^m<bW?S<^^iJffll'Jfc'<-C> J:l90a'5^ (T i . Nb) NO*^-m 

[0 0 0 7] 

(1) ®»%ic-c 

C : 0 . 0 1 %JKiLJt. 0.20 %&.T. 

Sill. 5 %J^ilT^ 

A 1 : 1 . 5 %&.T. 

Mn : 0. 5%jy.±, 3. 5%jy.T. 

p : 0. 2%iy.T. 

S : 0. 0 0 0 5%m±> 0. 0 0 9%J1^)LT^ . 
N : 0 . 0 0 9 %i^J.T. 
Mg : 0. 0 0 0 6%J'Jl±. 0. 0 1%JI^JLT. 
o : 0. 0 0 5%mT. 

Ti :o. 0 1%&.±. 0. 2 0%&.T. 
Nb : 0. 0 i%m±. 0. 1 0%&.T. 

9 0N/mm2 i^<7)^^imtmmz§ktitz-^mmmmmo 

[Mg%] ^ ( [0%] /I 6 X 0. 8) X 2 4 • • • (1) 

[S%] ^ ( [Mg%] /2 4 - [0%] / 1 6 X0.8 +0. 00012) X 3 2 • • • (2) 
[S%]^0. 0075/ [Mn%] (3) 
[0 0 0 8] 

(2) (1) <DmK^\^^XMK. MgOtUgS t (Nb. Ti) N<Dm^W^Oo 
-^O-9--fX75^0. 05;«mm±. 3. 0 /iim&,T<DmiiiWl^yjmm^fz^ 5. 0 

X10^mii)>±. 1. 0 X 1 0^ ISmT-^tf. iia^;&*7i-7-f 

[0 0 0 9] 

(3) AK S i (4) ^mfz-f (1) Xti (2) tcie«<7)^ 

mm^mi^fz-mmmmm^o 

[Si%] +2. 2X [A1%]^0. 35 • • • (4) 
[0 0 10] 

(4) (1) Xli (2) X{± (3) (DMi^^^^X^K. C. S U A K MnT&^^tL-T 

(5) ^mtz-r^ 

-100 ^-300 (C%) +105(Si%) - 9 5 (Mn%) +233(A 1 %) • • • (5) 
mmJmTf)^y^y^ h+v;Vx>-'J--r Yi:^i^tLfz^mii^5 9 ON/mm^ Moptllfclftt 

[0 0 11] 

(5) ±^^Bn<0\f^. mm (d s) (d 1 ) <^lfc (d s/d 1 ) :6«0. im-h-e* 

^^b1^7&*8 0 %jy.±^^Ei-;|. (1) (4) tciB«<7)^a^/i>^'-7 ^ 9 ^ h +-7;V7- V 
•9->f b/iS^JS*«5 9 ON/mm^ j@<^;;tt£tmt®ttt^'RtLfclS^S^^«o 
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[0 0 12] 

(6) hn(Oo^i!)^2 fim&.±(r>n^(Dm^:^^8 0%&.±.X-^^ (1) 
(4) i,z^n(^MmM^^y h+-7;vx>'-9-^ h L/c5i;g/0^5 9 ON/ 

10 0 13] 

(7) K»%T"51C. Ca. Zr. REM<^ Ittt Ttfi 2ai^XJi^ 0 . 0 0 0 5 %J^Ji. 

0. 0 i%iiXT^^-r^ (1) 56-^ (6) izmm<Dmm.^-^^y ^ 

10 0 14] 

(8) K»%-eHi^. 

C u : 0 . 0 4 %m±x 0 . 4 %&.T. 
N i : 0 . 0 2 %iik±. 0 . 3 %&.T. 

M o : 0 . 0 2 %JiJLJh> 0 . 5 

V : 0 . 0 2 0 . 1 %mT> 

Cr:0. 0 2%m±> 1. 0%i>kT. 
B : 0 . 0 0 0 3 0 . 0 0 10 %jy.Ts 

lat /::{±2a^:JL±^'i-^-r^ (i) ^^^^ (7) iz^m.<ommM^^y^y^ y+'^^^'r 

o 

[0 0 151 

(9) (1) (8) tc|BL:^v:il^> J±]^*«-TzaiS^ A r 3 ^MJSX-t t "t^ffi®^ 
L, 2 Or/s e cmJt(^?^^SJR"e}^*PU. 3 0 0 ■C*#|-T?^m^ i t =lr#m 

[0 0 16] 

(10) (1) Tb^h (8) iifSL/v:^?:. JE@«?-T^JK«: A r 3 M,iCJ,:J.±i:-f 

^ Lfc^^. 2 0 s e c Jil.±0<tSPM-e 650'C~750lCt X^^M ^zajgT- 1 
5#^mT^5^L/im> WJgJ%±Pt-C. 3 0 0'C*?i-emm^>l t^Jifmi:-r^ilM5&^'7 

Lfc^JK:6^5 9 ON/mm^ ^O^rCjJlftt fc^fel^M 

[II5§<50^*] 
[0 0 17] 

[0 0 18] 
[0 0 19] 

^-r-i,<7)-e. 0. 2 o%J^Tt-r^o mu, #iii^v^;n:l£imd5^*$iL^^'^, 0. 1 

[0 0 2 0] 
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[0 0 2 11 

o A n±^ «5 mmi;'ii^^'5^7C«t?^) f9,M#0. 01-0. 07 %^Jg« LT i 

fzo :^mm^hlt^ m^M^^Mis^fz^^. j&S imi'i5V^T^>A 1 ^#»i::?^Sn1-^ 

,*;?§^tt^^'fbi-'5./ii6 1. 5%=£r±ISL. ilfl^i'fb^^aomLv^^^-r'ti. 1. 0 
[0 0 2 21 

$-iJ:-i,o itLj;i9 3. 5 0 t -T^o tfz. M n {±Mi AtLtt^ift*:>;2>7G^-e^ !9 

[0 0 2 3] _ 

. 0. 2 %mTi:-r-2>o #twilt:fett>6^Tp^Mt*e>^v^J^'^. *nXti=lrS^LT0, 0 3% 
[0 0 2 4] 

(Ti. Nb) -ii\<omti'j:n . tfz (T i . Nb) NO^:Rfr^fiJi-'2> C: i: J: 

=^#-2> fztbKiio. 0 0 0 5 % jiJi±o»M^ST'* «) ^ 0 . 0 0 1 %&.±<omm:im^ 

0 0 9 %J^T7&^Mt Lv^o 
[0 0 2 51 

Ntt. (Ti> Nb) N<D^^t'«-?--r^/wi6i)PXtt^?t1*-f ^/i*l'{4^^'5rv^:^7&m 
v^o 0 . 0 0 9 % *Mx. -S) T i N^m^ LMH^iJ^^^t-r ^ <OX' 0 . 0 0 9 

[0 0 2 61 

i^-i;:55-tfeL7t:^^^#,i:'S:*o ^ft't^Mt':S-fJtLfv:C::h,?><^WtBt>(i. (T i . Nb 
) N<0MB55-tfcl'W-^L> :?t«:tf140|nJ±ir^*55**>^fc#x^tL>2,o Tt/iL. 0. 0 0 

0 6 %^mxit^<Dm^i}^^-t^x^ 19 . 0 . 0 0 0 6 %i;k±<Dmun-^mmx$>^o 
?*:^*+^tc#^y::*6t'{4 0. 0 0 1 5%}ik±(DmiU^mtLy^^o -■:^xo. o i%m<r> 

tftt. SI^^^-fb^^^^f-i^iK^rO. 0 1%i:1--i)o 
[0 0 2 71 

0{i:$:5l5gt'*3tt^^^M^^^iJP7n*o-^-e*)^o M g t^-^Lxm-fbt^^^fiS: L 

^-fb^rfl^^-^t-fciiO. 0 0 5%^±R&i:f -i>wfc*«MiLv^o 
[0 0 2 81 

Ti> N b {43^^^t'^tt'l):l:^>m^^^j!jP7n^<^— ^"^^^o Ti. Nbti^'fbtJ^r 
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#M2 0 0 3-3 5 7 2 7 9 ^--J : 5/ 

mum^m K^j:^t ^mmt j; «9 Mit^j^^^-fb-r ^ . ±Ra t l r t i {± o . 2 o % j^j. 

[0 0 2 9] 

^ix^^^l'^Jf $-ti:-2)7tA6fr'tii!'^^ < t ^> 1 tt^t ;t t± 2 #J^±=^ 0 . 0 0 0 5 %lil± 
10 0 3 01 

0. 0 4%Ji)l±«1-^c:i;7&«M* Lv^o mL> #it7)^Snf±M§ A«^liJP$«& 
[0 0 3 1 J 

N i {iC u^»L:^ci: §<^^^tiJtt=^?p$iJi-^/t*^lC'i;v^7C*t?^;z,o 
10 0 3 2] 

<^^>tl:^=Sr#^/ii6H^±^ 0. 0 2 %m_h(7)-^*n7&^~'i:^^T"^^o -llb^ Mo ^>Jtjfe^A^14^ 
[0 0 3 3] 

%t-r>2)o 

[0 0 3 4] 

^JPtci f)#tFOig;^$-fr^o jhlS^l. 0%t-t-'i>o 

[0 0 3 5] 

o 

[0 0 3 6] 
[0 0 3 7] 

W « M g m <^ m'f *P X. M g m O ^'fbJ^ =Sr jf IJ ffi ^ ^ i6 > M g {± O m_h miJU 
tmmx^^o 0(±A 1 i'j:^^(Oimtiimm^'J^WL\^X\i^hfztb. ^^^hi^ 

ii&^^fttfwMm> Mg t^-^i-^^^ijoti^jw^Sf^sfijT-^i^. ^tLmjt<7)Mg^ipd* 

;itJ!£:tf'tt<^r«I±t-f^ffl^'2,+:$5-=i^<bt>^M-rs/v:a6t''i:>^-t?^ f). Mg^iP4(± (1 

aiiE#2 004-3014331 



#02 0 0 3-3 5 7 2 7 9 ^ : 6/ 

ttSr^-fk^-^^o ^(7>titt>. Sttl:f±> Mg. ^^Om^iiZMLX (2) ^^mfzi-'Z^^ 
(3) ^^?ft/i-riK>M>6^^S)«l.o 

[Mg%] ^ ([0%]/16XO. 8) X24 • • • (1) 

[S%] ^ ( [Mg%] /2 4 - [0%] /I 6 X0.8 +0.00012)X 3 2 ••• (2) 
[S%] ^0. 0 0 7 5/ [Mn%] ■ ■ • (3) 
[0 0 3 8] 

> n^^^n'r^Wi^^^^<r>^^ wmt»^j^tL-c. Mgo^iMgst (Nb. t 

i) NOlg-^^ftB^^t?. 0. 0 5//mm±. 3. Q fx m]ikT (Ommi)^ I W--^mmh fz^ 

5. 0X102 iiJ!jji±. 1. 0X10^ m^xr^ts€^mi)^^^^t^^m\^fzo cioh^ 

. ^^mtm^^KXz 03 . S i 02 ;5*#ttL-Cv^T^>:$:?)&:^{±ti**>tt^^>Ot?«^r< 
[0 0 3 9] 

S i . A 1 {i®tt^«ti^1--2>f^ae)0*aM^±. ^^'^twSS;^7n*T'^-2,o tztzl,^ S 

m^ix^mij^^^i^f^^^^. 'f\y:^m^M^fi^it^^m^^m\zid\,^x. it'^^mm(r>^ 

±t:m.') fztbiHiA HZX&S i itW^i!i^'^mX-^:hi!>^. S i . A 1 

.[Si%] +2. 2X [A 1 %] ^0. 35 • • • (4) 
10 0 4 01 

:^^mitn'i^tk^m<7)mm^^<7)-^mimx^:hfztb. ^mmmtLx. y^^-(hm 

^ tt<^ ;b ^ ^^-e* ^ iC) . ®tt t :;^mf^^ tcs vMt =^«t^-r ^ 

hm^±^tLtzmmt-r^'Z''m7!)^^^o ^<Dt^^ y:iL^^vni^^5o%i^i±x 

ID 0 4 1 1 

#'S'tcM<^tT,^o ^M575«7a^9-f hffi+-7;vx>-9--f Ma^^^^t-r-s^i. Mtt^ 
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-100 ^-300(C%) +105(Si%) - 9 5 (Mn%) +233(A 1 %) • • • (5) 
[0 0 4 2] 

mmMi^/^y ^ hffi+^;i/7">-if-f vm±i^(omiizi5\,^x. ugj^mmmizx^n-^ 

[0 0 4 31 

s) tS^l (d 1) OJt (ds/d 1) yd*. 0. l5^«<0^H^HSO#«^{±1g:< f -SCI 

iiifi^^xh^^t-^^^x^tzo m^m^^<^y^y4 }'mKi)^+^Km^[^±<r>^^^:n 

^fzi^Kli. yx.^y{ ib (d s/d 1 ) tJ^O. 1 Jei-hOill-^:** 8 0 %m-h-e 

[0 0 4 41 

•7a^7-f :^^m^zis\^^xm'&^^±.^'t^fzib(om.w^j:^m<ox>tox^^ 

±03gJ:#Ot!l'^7&« 8 0 %&.±X^ ^^t ib^'Z^mx$> ^ o 
[0 0 4 51 

:^^mxm.^Lfz-m^mtiim(D^Wt.Vi.mimx.itiv.T<Dumzx 19 ^m^^zm^^i^^ 

o #*til^O'ffi^OJ^B>f>J)\f>ttm^7''; :^Kfl-^fP^L. e:a=^itii^^^0^ (TEM 
) ^fflV^Tlg^i±5 000-2000 Ol§-eii'^^< t^>5000;/m2 mjiOMffit^ t>7t 

iOB#. m^itrnt (Nb, Ti) NO|WIStc(iTEMMtJS<^)J^^-«Ji^+'-^t5:MX^^5-5fe 

ft (EDS) izx^m.^^^tTEMi,zj::h'm'Fmmm^<D^^um^mmi,zx^x^i7^K 
K^K^Mizx^o t-r. MMLt^j::^^^ X(Dm^^'m'^. :xmz±m<owmizxm 
mizxm^^^r^^. mitmt (Nb. ti) N<^i!i-^^»:aii-^o -^lt. (±cie)tiiij^ 
i-^m^. mMmizx-oxRimi^'mmmi^it. ttzimm^^n^tir ^n^ifi-^m<^ 

[0 0 4 6] 

^izmmiimK^^^^xmrn-r^o 
m±i:-r^iei^^;&«*'2.o LTb^L$>t^iiiM.i,z-r:htmj^(Dm.±^tKx^^mnm. mn<o 

^tzibiziimjsi^um'^ 2 0 ovi^rrt-r^^tiimt lv»o 

[0 0 4 7] 

mm^i^'p^^iiy^^^ hm(D^mm^mm^'^. m^im±^'^^fzt()i,zy^^x^ 

^r/N'-^-f «5^^1-^7ti6. 6 5 OVi>J.±t-r :ho -^3X7 5 orM-efi^^ 
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[0 0 4 8] 

) (5) . cO^(±^ (1) (2) . d(7)^{±^ (4) . e<7)^{i^ (2) i:^ 

(3) . f <7)^t±^ (1) 7&^':$:|S|0^<7)^H^-e^^o tfz. f. g <^)^t±^aiMW^* 

*2c7)9-fc>, A4. J 2{±<%±PM. B3> F 3 {±^?^M$&^a|^^ E3^ G3. Q 4 {± 
[0 0 4 91 

. ^^•yi>i}mm^-KMLfzm,^.X<D:Km. (d) t^mtKm. (dO : l 0 mm) j&>f> A = 

(d-do)/doxioo xmmLfzo 

[0 0 5 01 

tfz. ms. msitm^ (d s) tss (d o ojt cd s/d i ) ;&^~o. 1 ^m^^m 

^tWX/(Dm%^^Lfzi><DX;$>^i!)^. Z.<Dm^-^^8 0 %iik±X^^LXl^y^MW'fym^ 
[0 0 5 11 
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